Introduction
ow back pain (LBP) is the major cause of disability and the sixth cause of poor health in the society (1) . Various prevalence rates have been reported in different studies ranged from 5% to 65% with a mean value of 18.7% (SD=4.6). The economic burden of chronic LBP is crystal clear (2 MRI and Electrodiagnostic Study (EDX) are the known studies used for detection of radiculopathy. EDX, a neuro-physiological investigation, detects functional abnormalities of nerve root as well as intensity and duration of the disease (4). F wave study, part of EDX, has had a controversial sensitivity in diagnosing radiculopathies in different studies (5) (6) (7) (8) (9) (10) . For instance, a study showed that comparing F-wave parameters in two limbs can be beneficial in detecting unilateral S 1 radiculopathy and reduce the false negative results of this assessment (11) (12) . Another study has shown that F waves are sensitive in early stages of diagnosis and mild radiculopathy (13) .
According to what has been mentioned, radiculopathy affects most of the productive people of the society and its diagnosis with MRI has poor specificity because degenerative changes and disc herniation are often seen in healthy people, too. Electromyography is more specific although it is painful and invasive (4) .
The objective of the present study is to compare different F-wave parameters obtained from the tibial nerve of both extremities in patients with unilateral S 1 radiculopathy. If there is a significant difference, this method can be applied as a sensitive test in detecting radiculopathy and to increase the sensitivity and specificity of other tests or as an alternative to them.
Materials and Methods
This cross-sectional study was done in patients refereeing to Electrodiagnostic laboratory of an educatinal hospital affiliated to Isfahan University of Medical Sciences from March to September 2015. Initially, patients with at least one of the clinical symptoms of S 1 radiculopathy were evaluated by Needle Electromyography. Clinical symptoms used in detecting S 1 radiculopathy were as follows: 1) history of LBP radiating to S 1 segmental distribution 2) S 1 dermatomal sensory loss or numbness 3) ankle reflex loss 4) S 1 segmental weakness. Also, in order to avoid potential confounding factors, some participants were excluded from the study including: patients with bilateral S1 radiculopathy; patients with diabetes or any other diseases that could affect peripheral nerves; people undergoing needle electromyography who had developed neuropathy; and patients with other lumbosacral root compressions, either unilateral or bilateral. Finally, 19 patients participated in the study.
Spontaneous electrical activity, polyphasic motor unit potentials, maximal interference patterns and recruitment were measured during needle electromyography while the temperature was maintained above 32C°. All electrophysiological studies were recorded by Medelec Synergy (Electroneuromyography machine). F-wave parameters of tibial nerve were measured in the affected and unaffected extremities by sending 20 stimuli at a frequency of 0.5 Hz with filter setting of 2-3 Hz. The sensitivity and speed sweep of the machine were set to 1 mV and 100 miliseconds, respectively. The F-wave parameters recorded are as follows: 1) F minimum latency: minimal latency value, 2) F maximum latency: maximum latency value among 20 consecutive stimuli, 3) F chronodispersion: the difference between minimum and maximum F-wave latency, 4) F persistence: the number of measurable Fwaves divided by number of stimuli.
The present study was approved by the ethics committee of Isfahan University of Medical Sciences and all patients gave their consent to participate in the study after being completely informed about the procedure.
The statistical analyses were performed using SPSS 20 employing Paired t-test and Wil-Coxone test. The level of significance was set at p<0.05.
Results
Of 19 patients with unilateral S1 radiculopathy , 11 were men (58%). Their age ranged from 25 to 75 (mean 46.4 ± 13.7) years. Distribution of data was examined using Kolmogorov-Smirnov test and it was shown that all data were distributed normally. Table 1 presents the mean values of the studied parameters (F min latency, F persistence, F chronodispersion, F max latency) in the limb with radiculopathy and in the healthy limb. According to Table 1 , the mean values of F-wave parameters were not significantly different in both limbs. In other words, S1 radiculopathy did not have a significant effect on F-wave parameters.
Pearson-correlation coefficient showed a significant positive correlation between both extremities in F max latency (r=0.901 and pvalue < 0.001). In the other words, the more this parameter was in the affected side, the more it would be in unaffected side. The same was true for F min latency (r=0.694 and pvalue=0.001) and chronodispersion (r=0.367 and p-value=0.01).
Discussion
The present study showed that comparing the F-wave parameters in affected and unaffected limbs was not sensitive enough to detect S1 radiculopathy. In other words, electromyography which is used to diagnose radiculopathy cannot be replaced with F-wave study. However, another research conducted with 20 patients with S1 radiculopathy and 20 controls in Turkey showed that detailed Fwave study, particularly the F duration (F dur) and F chronodispersion (F ch), can be helpful in detecting S1 radiculopathy (13) . In another study on 108 patients with lumbosacral mono-radiculopathy, the F min latency was abnormal in only 19% of patients. This study explained that electrophysiological and motor neurographic anomalies occur when nerve fibers are injured severely. Therefore, these studies are not sensitive for radiculopathy diagnosis and their value is preferably to determine the severity of root damage (14) . It has also been proved in another study that the sensitivity of F ch decreases in detecting mild radiculopathy (13) . It must be noted though that the participants of the present study were diagnosed with mild radiculopathy in electromyography. Moreover, it seems that diagnostic sensitivity of F wave study depends on the involved nerve. As in one study, it was observed that in S 1 radiculopathy the proportion of abnormal F waves were lower and F chronodispersion were significantly abnormal only in L 5 radiculopathy (7). The other study showed that abnormal F chronodispersion in proneal nerve was twice compared with tibial nerve (15) . F-wave study has some limitations. It is unable to indicate incomplete injuries of nerve fibers and in injuries involving single nerve root can be normal. This can be explained by the fact that even in intervertebral disc herniation which compresses nerve root and causes motor conduction abnormality, F min latency may be recorded from F-wave traveling through the other unaffected roots or unaffected part of involved root and remains normal. Thus, F min is recorded as normal although radiculopathy exists (8, 12) . Hence, its diagnostic sensitivity in radiculopathy has been reported to be lower than polyneuropathy (15) .
This study displayed that F wave parameters (F min, F max, and F ch) have significant positive correlation in both extremities and if a parameter was longer in the affected side, it would be longer in the healthy side too. Thereby, it seems that its prolongation may be because of height of the extremity. It is consistent with Lin's study. Lin et al. showed that F wave latencies in patients with cervical radiculopathies were not significant when they were adjusted for height and age (6) .
Having a small sample size was the most important limitation of the current study. Furthermore, the variable of F dur was not included in the studied parameters so it is recommended to asses this variable in future investigations. As we compare both extremities of the same person, we did not consider measurement of person's height in this study.
Conclusion
The current study compared various Fwave parameters between two limbs and the results did not support employing F-wave as a sensitive method for detecting unilateral S 1 radiculopathy.
